An initial cost analysis of a proposed desalination process was performed. The proposed process utilizes tailored inorganic ion exchangers, hydrotalcite and permutite, to sequester anions and cations from a brackish water solution. Three different process scenarios were considered: 1) disposal of the spent exchangers as dry waste 2) conventional chemical regeneration, and 3) acid regeneration of permutite coupled with thermal (550 °C) regeneration of hydrotalcite. Disposal of the resin and conventional regeneration are not viable options from an economic standpoint. Applying limited data and optimistic assumptions to the third scenario yielded an estimate of $2.34/kgal of product water. Published values for applying conventional reverse osmosis to similar water streams range from $0.70 to $2.65/kgal. Consistent with these baseline values, the Water Treatment Estimation Routine, WaTER, developed by the United States Department of the Interior, Bureau of Reclamation produced a cost estimate of $1.16/kgal for brackish water reverse osmosis.
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Introduction:
An initial cost analysis has been performed on a proposed desalination process for brackish water. The proposed process, described elsewhere [1] , utilizes tailored inorganic ion exchangers, hydrotalcite and permutite, to sequester anions and cations respectively, from a brackish water solution. Figure 1 outlining the process was provided to the authors of this report by the process developers. Based on Figure 1 , and additional discussions with the developers, three different process scenarios were considered: 1) disposal of the spent exchangers as dry waste 2) conventional chemical regeneration of the exchangers, and 3) acid regeneration of permutite coupled with thermal (550 °C) regeneration of hydrotalcite. This report outlines the approach and principal results of the analysis. Figure 1 . Basic flow chart of proposed desalination process [2] .
Manufacture
Scenario 1: Resin Disposal
Conventional wisdom asserts that ion exchange is only applicable to desalination in cases where high purity water is required (e.g. to avoid scaling in boilers), and only then after the majority of ions have been removed by other methods. The reasoning here is that the use of relatively high value products (organic resins and chemical regeneration solutions) to produce a relatively low value product (fresh water) should be avoided, if possible. However, one of the basic premises of the proposed process is that the hydrotalcite and permutite exchangers have geological analogs, and therefore might be synthesized from naturally occurring mineral deposits at a cost significantly lower than conventional organic ion exchange resins. The The feasibility of fabricating the exchangers from "dirt" and disposing of the spent material after use is examined in Figure 2 . Figure 2 postulates a hypothetical IX material with a high capacity (5 meq/g) and ideal exchange properties (100% selective). The lines in the figure represent target costs for the material per 1000 gallons of desalted water (assuming complete salt removal). The shaded areas represent price ranges for various materials taken from Table 1 . Maximum allowable resin cost to meet a target cost for desalting NaCl brine at an ion exchange capacity of 2.5 meq/g (disposable resin scenario). Price ranges for various materials are included for comparison.
Brackish water can generally be desalted via conventional reverse osmosis (BWRO) at a cost of $1-2/kgal (published values range from $0.70 to $2.65/kgal) [4] . Using $1-2 as a target cost for the synthetic precursors in Figure 2 , it is clear that disposal of the ion exchanger will be uneconomical at any brine concentration of interest. That is, the costs of even the least expensive possible precursors (silica and bauxite) begin to exceed the allowable cost at very low brine concentrations. For example, $2/kgal (for the precursor alone) is exceeded at a concentration of <3000 ppm. Thus, disposal of the spent exchanger appears to be uncompetitive with BWRO, even if very inexpensive precursors are utilized to fabricate the exchangers.
Scenario 2: Chemical Regeneration
The conventional reasoning applied to resin disposable is also applicable to chemical regeneration. That is, unless there is a compelling reason to generate high purity water, it does not make good economic sense to use relatively high value products (acid and base solutions) to produce a relatively low value product (fresh water). Figure 3 illustrates this point; the cost of the regenerant solutions exceeds $2/kgal at brine concentrations of only 2000 ppm. Figure 3 also shows that most of the total costs are attributable to the base, NaOH. 
Scenario 3: Acid Regeneration Couple with Thermal Regeneration
This proposed scenario couples acid regeneration of the permutite cation exchanger with high temperature (550 °C) thermal regeneration of the hydrotalcite anion exchanger. During the envisioned thermal treatment, the hydrotalcite would change phases, liberating acid gasses (e.g. HCl) in the process. The hydrotalcite would be recovered upon rehydration.. The acid gasses would be trapped or scrubbed and could conceivably be used to regenerate the permutite cation exchanger [2] . However, since the major cost associated with chemical regeneration is the price of the base, the main opportunity for savings lies in the replacing NaOH with the thermal treatment.
To facilitate the cost estimation process, the Water Treatment Estimation Routine, WaTER, developed by the United States Department of the Interior, Bureau of Reclamation was used [5] . WaTER is an Excel® spreadsheet program developed to address the problems of arriving at water treatment plant costs. The program is based on production capacity, a water analysis and uses a set of generalizations to specify equipment for a particular water treatment process. [6] ) operating at 95% availability.
• Ion exchange vessels sized at 20% excess volume using a 2 vessel train for each sequestering process.
• Cation exchange using Permutite with an ion exchange capacity of 2 meq/g at 100% selectivity.
• Anion exchange using Hydrotalcite with an ion exchange capacity of 2.5 meq/g at 100% selectivity. • 1.5 specific gravity for both materials.
• Each exchange process operated on a service cycle of 2 days with an infinite regeneration capacity.
• Initial cost of resins based only on raw material costs with no other manufacturing costs factored in [7] .
• Costs associated with waste streams and material handling of the hydrotalcite during the thermal regeneration step were not factored into the cost analysis.
Ion exchange calculations:
The ion exchange requirement was based on a total ion equivalence of 0.0479 eq/L. This ion equivalence was based on the water analysis specification given in the WaTER program (Table 2) . The specific heat for drying the hydrotalcite (to 100 °C) was assumed to be similar to an integrated value reported for zeolite powder, 577 J/g (0.547 BTU/g) [8] . For further heating to 550 °C, a specific heat of 0.257 cal/g/C (0.00102 BTU/g/C) was assumed based on values published for silica [9] .
The total weight of Hydrotalcite regenerated per service cycle is 7.25X10 8 g or ~ 800 tons. Then, the energy to dehydrate bed per service cycle at a heater efficiency of 70% is: Cost estimates for using an industrial furnace for dehydrating and heating the hydrotalcite to 550 °C, are based on fluidized bed incinerator costs [11] . Other operations, e.g. sludge drying, cement kiln, rotary kiln, high temperature steam heating and thermal regeneration of granular activated carbon ($0.11-0.21/lb, $17.6 -33.6/kgal [12] ) were also considered. • Thermal regeneration system O&M -$2.017X10 6 /yr
The cost estimate generated from these inputs is shown in Figure 4 . Additional details pertaining to the costs calculated by the program are shown in Figures 5 and 6 . The estimate of $2.34/kgal of water produced generated by the program should be viewed as an optimistic "best-case" number since the analysis did not include a number of expected costs, and assumed best case performance. Specifically, the cost of permutite and hydrotalcite was based only on raw material costs. Manufacturing costs were not considered and synthetic yields were assumed to be 100%. Also, the assumptions of infinite regeneration capacity without loss of performance and 100% selectivity are unreasonable best-case scenarios. Periodic bed replacement, and an excess of material in the bed would be required in a real system. There are also a number of issues with the thermal regeneration of the hydrotalcite that were not considered. First, regeneration was considered to be 100% effective at 550 °C. To the best of our knowledge, this has not yet been demonstrated. Also, no costs were included for handling the solids during the regeneration step. In addition, the hydrotalcite will undergo a phase change during the regeneration that will likely lead to physical degradation of the particulate form required for column operations. An additional step to convert the material back into a suitable pelletized form would likely be required. Finally, the waste issues of the process were not addressed, e.g. costs have not been included for acid gas scrubbing (nor has any benefit been claimed for acid reclamation). 
Summary:
Reverse osmosis is the current state-of-the-art desalting technology for brackish water and can generally be performed at a cost of $1-2/kgal. The WaTER program gives an estimate of $1.16/kgal for RO treatment of the Tularosa Basin water considered here. Scenarios wherein permutite and hydrotalcite ion exchangers are used in a once-through process and disposed of, or are chemically regenerated, are non-competitive with RO on a cost basis. Other factors such as costs and regulations associated with waste disposal may influence the decision to consider these options, in which case additional analysis should be performed. Specifically, the use of these (and other currently commercially available) inorganic exchangers should be compared to the use of commercial organic ion exchange resins, wherein final disposal options include burning the resin to yield a dry salt product. The scenario where acid regeneration of the permutite is combined with high temperature thermal regeneration of the hydrotalcite also appears to be noncompetitive with RO as a cost of $2.34/kgal was calculated using very optimistic assumptions. Refinements to the calculation would be expected to significantly increase the cost estimate. A low temperature, in-situ regeneration process that limits materials handling and heat loads, such as the hot water regeneration employed in the Sirotherm process [13] [14] [15] [16] [17] [18] [19] , would be preferable.
